Climate change has the potential to displace large populations in many parts of the developed and developing world. Understanding why, how, and when environmental migrants decide to move is critical to successful strategic planning within organizations tasked with helping the affected groups, and mitigating their systemic impacts. One way to support planning is through the employment of computational modeling techniques. Models can provide a window into possible futures, allowing planners and decision makers to test different scenarios in order to understand what might happen. While modeling is a powerful tool, it presents both opportunities and challenges. This paper builds a foundation for the broader community of model consumers and developers by: providing an overview of pertinent climate-induced migration research, describing some different types of models and how to select the most relevant one(s), highlighting three perspectives on obtaining data to use in said model(s), and the consequences associated with each. It concludes with two case studies based on recent research that illustrate what can happen when ambitious modeling efforts are undertaken without sufficient planning, oversight, and interdisciplinary collaboration. We hope that the broader community can learn from our experiences and apply this knowledge to their own modeling research efforts.
Introduction
Migration is a lot more than just permanent international movement; it means different things to different people. A few examples are: seasonal movements to follow growing seasons; a few members of a household leaving on a temporary basis to lessen stress on the household as a whole; or permanent resettlement away from the homeland. Migration is, and has been for millennia, a natural part of life for millions of people across the globe. Such movements may or may not be the direct result of changing climatic conditions. That being said, the climate of the planet does change. The degree to which this change is being caused, or accelerated, by humanity is still a contested topic. This paper focuses on what research is happening at the intersection of climate change and migration in the broader context of modeling and simulation. Migration is only one possible response to a changing climate. Other adaptive strategies exist, but will not be explored here. Additionally, not everyone is able to migrate even if relocating is the best option for them, resulting in what Black et al. refer to as trapped populations. 1 Understanding population change is critical. For example, such changes impact short-and long-term planning decisions at local and regional levels, infrastructure decisions at regional and national levels, as well as assistance strategies and action plans at state, national, and international levels. Security concerns at all of these levels can be impacted by these changes. Economy, society, and demography are just some of the factors impacted by population movements, not only in the location vacated by migrants, but also in their destination locations. Thus, migration itself is a complex dialectical process. Several questions relating to these factors immediately come to mind. Does the destination have enough housing? If not, does it have the resources and economy to address this? What is the population composition? Is it ageing or growing, is there a deficiency in the middle-age range, or in families? Can individuals psychologically adjust to their new surroundings? Are diasporas or other networks operating? 2 Migration scholars and researchers have been, and presently are, trying to better understand these phenomena, along with many others, and some investigators are implementing computational approaches to support their examinations.
What this paper aims to address is the critical need for active engagement between different stakeholder groups. Computational modeling approaches could serve as the common ground needed for all sides to be able to engage with each other in a mutually beneficial way. There is no right answer when it comes to computational modeling of these complex systems but, rather, they provide windows into possible futures. 3 By looking into these windows, more informed decisions about the future can be made. In order to accomplish this, an open dialog needs to evolve among identified stakeholders involved with the research project being undertaken, for example the high-level decision makers, executives, mentors, and supervisors, computational modelers, on-the-ground data gatherers, consultants, local people, and anyone in-between. The inclusion of local or afflicted populations into research efforts is often a step that is, regrettably, overlooked or excluded from the research process as a whole. The inclusion of these groups as stakeholders in the proposed research from an early stage is vital for a culturally reflexive and participatory approach. The exclusion of migrant or potential migrant perceptions can lead to myopic and unrealistic perspectives of migration issues. People in policy, government, and positions of power who may have a direct interest in the research outcomes of such projects should also be engaged with the research. This multi-scalar engagement needs to take place from the early stages of research for two reasons: (a) so that all stakeholders are aware that the work is occurring, what the goal of the work is, as well as how and why it is being conducted; and (b) so that by the time the final outcome is delivered, they have knowledge of the process used to generate it. This ensures that they can use the findings generated to help inform decisions, enact changes, and know the wider implications of their actions. It is pivotal to understand these wider impacts in this interdependent and interconnected modern world. The discussion of research needs to take place with all sides of the research team invested in working together to achieve the common goal of combined greater understanding. O'Sullivan states this point very eloquently, ''It is vital that modeling is not left to modelers. Instead theories represented in models must be examined and evaluated on their own terms, in the same way that theories are critically judged and evaluated in the social sciences more broadly.'' 4 One recent push in this direction was taken by Laniak et al., 5 where Integrated Environmental Modeling is introduced as one possible way forward. The end users of a modeling effort, whether they are policy makers, high-level sponsors, industry leaders, or local populations, need to be able to absorb material they are presented, see the details involved, and comprehend the bigger picture. They also need to fully understand the degree of uncertainty involved 6, 7 and question anything that they do not understand. At the same time, the computational environment needs to be supported so that findings are robust and relatable. This means that by the end of the research effort there cannot be questions about the validity of the data used or the individual decisions about single components of a model. The methods used must be sound, supported, and accepted. 8 The outputs need to be presented effectively so that any members of the research effort, including those who may be outside of the computational sphere, can also comprehend and internalize them. The most effective way this can be achieved is from the ground up: by bringing all collaborators, contributors, and groups potentially impacted by the results of such work to the table from the very beginning and then moving forward as a cohesive, interacting, reflexive, representative, and motivated whole. As one can imagine, this is not a straightforward process.
Two recent efforts (discussed in Section 5) attempted this very kind of big-picture, multi-level project. Both projects, despite the best of intentions, failed to fully deliver on their stated goals. The first aimed to model migration at the household level in relation to the effects of climate change for the entire country of Bangladesh; this modeled some twenty-seven million households at the time it was programmed. A quantitative approach was proposed to investigate spatially explicit population dynamics covering displacement, migration, and resettlement as an interactive consequence of vulnerability to climate change and its impacts on social arrangements, political stability, economic prosperity, water resources, land cover, and land use. The second aimed to design a role-playing game within a virtual world in order to generate primary migration decision-making data to later inform a computational migration model. It was designed to capture the details of the virtual community, evaluate their responses to stressors, and then transition this information to a much broader analytical framework. Both these high-potential projects could have generated some very important, crucial, and insightful data in the area of climate-induced migration. For a number of reasons, both projects were unable to be completed.
These projects showcase how intentions to lead the way forward can suffer if fundamental considerations are not made in the very early stages. One of the goals of this paper is to bring some of these considerations out of the shadows so that future stakeholders can appreciate that these issues do exist and are still of concern. The lessons learned in the last section of this paper are presented to help guide future modeling research away from the paths taken by these two projects. These lessons are already helping to inform current projects, as well as the planning of future efforts. It is neither the intention nor the purpose of this paper to review the history of climate-induced migration research and its associated issues, but a solid foundation is needed in order to fully appreciate what has come before, where research presently stands, and what paths there are into the future. For this reason a brief background section is included in this paper, though readers are highly encouraged to engage with the cited literature.
Section two of this paper explores the problem space within which the climate-change-migration-computation sphere is evolving. Computational approaches being adopted and applied in the social sciences form the backdrop for this section. Areas of concern are highlighted, including ethical considerations and the observation that, at present, researchers in this area simply do not have the right tools or data to address these issues. Section three explores some of the major considerations that must be made before undertaking research in this area. Different computational techniques are introduced as well as some questions that should form the basis of any investigation: What is the purpose? What data are available? Who are the users of the models and their findings? Examples of past approaches are provided, and despite continued calls over recent years for bigger models, the majority are still relatively small in scale and utilize very few variables. The reasons for this will become clear after reading this paper. Section four investigates model inputs, data, and methodological approaches to data acquisition. Three different data-gathering methods are discussed and are presented as the engineer, the anthropologist, and the experimenter. Each method is explored in detail, and examples of past studies that implemented these approaches are included to guide further reading. The fifth and final section explores the two research projects mentioned above. The aim of each work is laid out, as well as the major reasons why each was not able to be completed. It is challenging to openly state that there were serious problems with these ventures. However, this must be done for progress in migration modeling to be made. These cases are presented in the hope that before future large-scale projects are attempted, stakeholders appreciate and integrate the considerations offered throughout this paper.
Problem space, models, and reality
By looking back on what has come before, future approaches can be improved by not wasting time and resources on problems that have been encountered by others. O'Sullivan states that ''It is problematic that academic and publishing conventions do not enable a full account [of processes such as model development] to be provided.'' 4 The final form of a model is a streamlined functional entity, but it may be that the dead-ends encountered on route provide the most important information. 4 Finding solutions to previously encountered issues is the significant aspect here, but this is only possible if previous work is open about such roadblocks. Computational climatemigration modeling is in a state of active development and research advancement, allowing great potential for dramatic innovation over the coming years. At its core, this research area is attempting to knit together social sciences and computational approaches by using modeling and simulation to understand the push-pull factors that cause people to move, and what down-the-line impacts those movements might have on surrounding entities, especially in the context of climate change and worsening environmental disasters. The information obtained from climate change-migration models is vital for making big decisions such as policy choices, future action plans, and contingency strategies. Projected climate change scenarios could become catalysts for conflict that, in turn, could worsen security risks both nationally and internationally.
9 Such conflicts will impact many areas, including infrastructure, economies, access to resources, and quality of life, and will range in scale and severity. Migrations and movements of people resulting from these changes are a key concern and one that needs to be addressed now, and on a large scale. 9 Already existing conflicts can also be of concern; as Raleigh 10 showed these to have negative effects on the ability of people to adapt to the consequences of environmental change. Experiments using computational modeling have also investigated changes in resource distribution and shown that these to lead to conflict situations more so in some situations than in cases of overall resource availability change. 11 
Humanizing the numbers
The types of information required to address challenges such as understanding what impact future climatic conditions could have on population movements simply do not exist consistently on a large-enough scale. Trying to fill this knowledge void is an immense challenge. Undaunted by this, a growing number of researchers are starting to contribute work to this area. It must be remembered that environmental factors, including climatic variability, are not the only contributing elements impacting the personal decision to migrate. Other influences, including economic, political, social, cultural, demographic, local, regional, and national concerns, as well as other stressors, all play a part both independently and through interaction with the environment. These and other issues are well explored and addressed in a number of publications including Black et al., 12 Warner et al., 13, 14 Marino and Ribot, 15 and Neumann and Hilderink. 16 Research in these areas has a lot of potential, not just for academic research but also for influencing extremely important down-the-line decisions impacting everyone from policy makers to the general public. We are not talking in isolation on a local or even a national level. The impacts of a changing climate are of global concern. People in positions to make a difference all too often focus on numbers, when in fact their focus should be on the people behind those numbers. Contributions to this area by social scientists can bring critical perspectives about the cause, effect, connection, and contention between different climate change-related issues to the forefront of the discussion. 17, 18 Some of the ''hot spots'' for climate change 13 coincide with poor nations that, in turn, have some of the poorest people on earth. In order for positive change to come about ''we need to stop thinking in terms of poor nations and start thinking in terms of poor people.'' 19 Marion and Ribot stress that ''Those closer to the threshold of disasterliving near subsistence with minimum assets-are the ones most at risk'' 15 regardless of which country they occupy. This is a global problem. A special issue of Global Environmental Change (Volume 22) aiming to address this area stated that ''to avoid mal-mitigations and maladaptations analysts and intervening agencies must develop adaption strategies that address the causes of vulnerability and respond to local needs and aspirations, while accounting for the multi-layered consequences of such efforts.'' 15 People are, at the end of the day, the agents who must adapt (or perish). The factors affecting such adaption from a social science standpoint are discussed in Black et al., 1 Hunter et al., 18 Adger et al., 20 Smit et al., 21 and Smit and Pilifosova, 22 and readers are encouraged to explore this literature further.
The minefield of issues that climate-induced migration brings to the surface is daunting, and even now there is no consensus on key terminology or best research approaches, especially across disciplines. A few of these are briefly introduced in this paragraph. Maximalist and minimalist perspectives are both found in the literature to varying degrees. The Malthusian-like, maximalist view [23] [24] [25] sees the mass numbers of individuals in forced migration situations as the result of global environmental change coupled with population growth, and argues that these groups hold refugee-type status. 26 The minimalist perspective argues that environmental migrants, as currently defined, do not exist because migration is a multi-causal phenomenon, and as such the environment cannot be identified as the sole push factor. 27, 28 Issues around this distinction are ongoing, with very prominent groups trying to agree upon the best solution. 29 The term environmental refugee is also contentious. 27 A sound introduction to one form of classification can be read in Bates, where the author proposes a refugee classification system based on three categories: disasters, expropriations, and deteriorations. 30 Rai investigated the framing of the environmental refugee, showing that predispositions of anti-climate change perception sentiments can have negative implications for how this term is received. 31 These same reactions were not as strong when the control term Refugee was used. 31 Readers are encouraged to engage in this discussion, especially if it applies to their concerns or goals. At the very least, stakeholders should be aware that this is an area in flux, and future efforts need to be mindful of any implications stemming from these divergent views and/or definitions. Add to this setting that there is no clear-cut consensus on what methods to use or what types of questions to ask when it comes to trying to determine what the important features of the system are, and it becomes easy to see that the challenges far outweigh the answers. With modern technologies and mindsets, researchers are starting to make headway, but there is still a long road ahead into uncharted territory, and during this time it is highly likely that both technologies and mindsets will need to adjust. For example, when talking about one of the most widely used and currently popular computational approaches, agent-based modeling, it is still stressed that we do not know the limitations of the application, or what phenomena can be comprehended by the method. 32 
Publication developments
Over the past 20 years, the number of publications addressing climate-related human migration increased. This is an encouraging trend: the questions being asked are becoming more involved, the methods implemented to address them are broadening and drawing from more disciplines, and there is now real demand for new tools and computational approaches to be developed to continue these gains. These publications range from relatively small-scale research efforts, 33, 34 to theoretical explorations, 35 to larger scale endeavors, [36] [37] [38] to massive international undertakings. [39] [40] [41] One even goes so far as to lay out the opportunities and challenges of the environmental-migration nexus. 16 Researchers, interest groups, and stakeholders are coming together and realizing that though this is a current and pressing issue we really do not know how the climate change-migration system works. It is past the time that we understood not only the climate change-migration system itself, but also the research system best suited to compliment it. One limiting factor to research advancement, experienced firsthand by the authors of this paper, is the tension that can be present between different stakeholder groups talking at or past each other rather than engaging with each other. We are trapped in a mindset that tells us that if we ask a question an answer will be found and that this will happen quickly. This is not the case. There is no standard formula detailing how to accomplish such goals in an effective way, and this is especially true when computational modeling is involved. Modeling climateinduced migration is an area with huge potential and significance. Presently, groups are trying to contribute but, without a solid understanding of the constituent components, or without realizing exactly what they are getting themselves into, detrimental consequences may be experienced. A loss of research focus, for example, is a scenario experienced firsthand during the projects discussed in the last section of this paper. Finding a balance between practicality, usability, simplicity, representation, complexity, and plausibility is a great challenge in computational approaches, in the social sciences, or any research area. Researchers in this domain must make decisions about their models that relate to this balance. In order to implement computational approaches in the social sciences, compromises between features and allowances for discrepancies must be made. A different perspective on this issue is that of Laniak et al.: ''It is not possible or necessary to include all known science related to the discipline, rather the challenge is to determine which of the detailed processes are important in simulating the system behavior at an appropriate scale of application. '' 5 In recent years it is beginning to be accepted that the results of models and simulations are options, possibilities, or ideas used to inform decisions and test hypotheses. They are not truths to be proclaimed. 3, 42, 43 McGlade encapsulates this shift very well, ''Models are not representations of reality-rather, they are provisional dialogs that mediate between our data and the phenomenal world of experience. '' 3 This progression has great importance and special relevance in the area of climate-induced migration prediction or forecasting. It is also an important shift that must be understood by those in positions of power. Models provide material to inform a decision; a model should never be expected to make that decision.
An uncertain reality
Driving and concerning features of modeling and simulation are maintaining integrity, ensuring that both the model and the outcomes address the research goals, and that the models are relatable to the real world. This is not a modest task. Simple models are favored over complex ones as reverberations of Occam's razor are still felt in the field, 44, 45 and other selection criteria and guidelines 46 shape how a model performs. Likewise, tweaking models to gain a better fit may result in more suitable end products, but this fit may be achieved at the expense of what is possible in the real world. 47 One way in which researchers bring tangibility into their model or simulation is to focus on a real-world situation that has occurred and has been documented, such as the case of disaster management applications, and most archaeological modeling efforts tied to complex adaptive systems. Another way is to pick an issue or problem that affects a large number of people (or a large area) and therefore will (hopefully) be noticed and comprehended as important. Climate-induced migration research fits into this latter basket. Regardless of approach used, the uncertainty associated with it must not be ignored, and the integrity of the decisions made not hampered by a poor understanding of the systems at work. The idea of integrity boils down to data selection, model capabilities, and clear statements of where the uncertainty lies. Data acquisition and selection is discussed below in this work. Model capabilities are equally important, although computational aspects of research will not be addressed in this paper. The communication of uncertainty is vital in order to ensure that the right understanding of outputs of a study or model is obtained, especially at the level of model end users. As addressed by Tonn, ''uncertainty is an unavoidable fact of life for those engaged in environmental decision making.'' 48 His description of ''Inherent Uncertainty, Operational Uncertainty and Use Value Uncertainty'' nicely demonstrates the challenges faced by researchers struggling to deal with uncertainty. While operational and use value uncertainty can potentially be alleviated with additional work, time, money, and a better understanding of the system under investigation, inherent uncertainty is unavoidable due to ''fundamental limits to our knowledge of the world.'' 48 Decision makers who place too much confidence in outcomes can face unexpected problems; likewise, if they place too little confidence they can miss opportunities. 7 Conveying uncertainty is essential to science communication. One way of thinking about how uncertainty infiltrates a research effort and should be communicated is presented by Fischhoff and Davis, where the authors present a six-step structure for ''eliciting and reporting expert assessments of scientific uncertainty.'' 7 With clear communication of uncertainty, better science, and in turn better decisions, should become the new norm in the future.
Indespensible considerations
Migration modeling has come a long way since Everett Lee published his seminal ''push-pull'' conceptual theory model of migration in 1966. 49 The adoption of computational modeling and simulation by the social sciences is a relatively new phenomenon and, as such, researchers in this area are exploring ways in which this technology can be applied to their focus. Lake argues that ''computer simulation has now acquired methodological maturity,'' 50 especially since it is starting to be widely applied in many subject domains. Computational approaches, however, have yet to gain a significant level of acceptance within the broader social science academic community. In a field such as archaeology, the implementation of computational modeling techniques is increasing, but is by no means a universally accepted standard. 42, 51, 52 In 1999, the incorporation of agent-based computational models into social science was explored. 53 Later, in 2002, agent-based modeling was touted to be a revolutionary development for the social sciences, but this would not be without challenges as this approach was not yet fully ready. 51 Over ten years later, the situation is much the same. While computational approaches have allowed for a great progression in the natural and engineering sciences, progress has not come as easily to the social sciences, though it is hoped that a better understanding of social systems can be achieved. 32 The following section will briefly look at some of the models and simulations that have been conceived in the climateinduced migration arena. It is not the intention of this section to be an all-encompassing literature review of the field. If interested in some of the developments or debates in this area, readers are directed towards the following: Black et al., 12 Warner et al., 14 Smith, 36 Barton, 42 Willekens, 54 McLeman and Smit, 55 and Klaiber. 56 For a discussion into the history, emergence, and acceptance of computational simulation, readers are encouraged to read Keller. 57 Scenario-based Figure 1 . Key questions that should be asked to help guide the selection of a computational modeling approach in research. Line styles flow from the main reason for wanting to model to the type of modeling approach that can be used. All stakeholders should be involved at the planning stage and, as such, should be aware of these questions and considerations. Reproduced from Kelly et al. 58 with permission from Elsevier. the scales and formats of model outputs?'' 58 Their paper goes to great lengths to ensure that readers understand the strengths, limitations, and workings of each approach, with exquisite detail summarized clearly in their tables and figure. We greatly encourage readers to seek out this paper. Table 1 , adapted from their paper, provides a summary of the five approaches. While Kelly et al. do not cover all possible computational modeling approaches, the five discussed are the most applicable to current research in the social sciences and, indeed, in climate-induced migration research. It is recommended that readers review this publication in full, especially if they are about to embark on research that includes a computational modeling component. Any stakeholder involved with a research team should be able to think about the interplay between model selection and research question. The baseline provided by Kelly et al. 58 is very clear and a good introduction to this area of research. Figure 1 , also adapted from Kelly et al., 58 , provides an excellent and simple representation of the relationships between computational model type and research approach, and illustrates the types of considerations present, not only for modelers, but also for higher level research group members and sponsors. In relation to their first question presented, what is the purpose, this does not always have to be prediction. Sixteen other possible reasons to implement a model or simulation framework 59 can be seen in Table 2 . Each one and any combination of these has relevance for climate-migration research. As discussed in Sterman, 60 communicating the risks of climate change to the world is no simple task. Focusing on the educate the general public experience 60 introduces the climateinteractive.org website, a fully interactive simulation experience for people to experience firsthand what could happen under different climate change scenarios. Such experiences can be found under the tools option of the website.
Computational considerations for modeling
The growing number of publications that implement computational approaches in the area of climate changemigration research is an encouraging sign. However, each addresses its question or hypothesis in isolation, restricted to the confines of its case or example. We are not suggesting this is unacceptable by any means. The results obtained from such work do provide insights into the system under investigation. What we are highlighting is that each work is rather small, despite calls over the past 15 years for larger investigations. 61 Usually, efforts focus on the micro scale, and only utilize a very small number (usually only one) of climate-related variables. Sterman stresses an important consideration, ''There is something fundamentally wrong with a modeling process and peer review system that encourages modelers to build and allows the publication of models in which many of the factors the modelers themselves view as important are omitted.'' 62 Even very recent work in this area that does make headway into looking at actual permanent migration of the whole household only included two variables: rainfall and temperature. 63 Until now, one of the most recognized, large scale, research efforts was the work undertaken by Smith for his 2012 dissertation Assessing the impact of climate change upon migration in Burkina Faso: An agentbased modelling approach. 36 This approach has been praised by Willekens as the ''most extensive use of an agent-based model to address migration-climate issues outside of residential mobility published to date.'' 2 But even this model only incorporated one type of climatic data: rainfall. There is starting to be a shift in scope in this area, and now a more holistic migration system is investigated while keeping the contextual elements of human mobility and environmental change in focus. 64 One main outcome of such work is the recognition that migration motivations are complex, multifaceted, and interrelated. 64 It is recommended that researchers focus on understanding the environmental forces in existing migration regimes rather than on the movements in high-risk areas. 65 Findlay states ''The most likely effect of environmental change over the next 50 years will be to amplify and modify preexisting migration channels, and that it is these that will shape the pattern of migration destination selection by future environmentally linked movers.'' 66 
Ethical considerations in climate migration studies
A less obvious but nevertheless essential element that needs to be in the minds of researchers is ethics. At an umbrella level there is a recent push in the public health and bioethics domains to get involved in ethical discussions. Global population growth and its associated impacts are of grave concern, and it is the hope of these groups that they can offer a deeper understanding about what is at stake and what it means to live a good life in today's world. 67 This is a very broad level of ethical consideration centering on the notion that there is an ethical obligation to look after each other and the planet for future generations. Ethics can also have a much more local impact on research efforts. When conducting any climate changeinduced migration research it is highly likely that human subjects or participants will play either a direct or indirect role in the work. The two main areas where ethics come into play during research are: (a) during the data generation phase (interviews or experiments like those discussed in the following section); and (b) the down-the-line effects of the research. Both these aspects are important, but it is the second type that will be discussed briefly.
Other than being leveraged for data generation, how are individuals, groups, communities, or populations integrated into the research process as a whole? Are such groups integrated with the research effort at all? How could research outcomes impact those who provided researchers with information? Are there differing participant interests that need to be balanced and, if so, how can this be achieved while still maintaining representative data? Studies involving human subjects have the potential to positively or negatively impact the studied population, and therefore researchers have an ethical responsibility to be reflexive throughout all stages of the study. Only through rigorous reflexivity can researchers understand their own situated knowledge and curb researcher biases that may skew research findings. 68 By incorporating data generated from human subjects, researchers build a relationship where there should always be some ''giving back.'' The form of this reciprocity will depend on the situation being investigated, as well as the attitudes and attributes of the parties involved. In the case of environmental migrants, where research findings have the potential to inform policy to ameliorate or exacerbate negative environmental impacts on those most vulnerable, researchers should maintain extreme sensitivity for how their science informs policy making and awareness of the potential policy consequences. 69 
Inputs needed and where to get them
The type of data needed for research is very tightly linked to the questions being addressed and the hypotheses that will be tested. It has been shown that it is important to present definitions to avoid ambiguity, especially in the context of human mobility. 56 
Definitions
Distinctions relating to the type of migrant are crucial, especially when populations show different responses to fast-and slow-onset hazards such as hurricanes and drought. 70, 71 Examples of these distinctions are: whether movement is forced or voluntary, short-term or permanent, internal displacement within the home country or external movement across international borders, documented or undocumented. Please refer to the glossary available in the online supplementary material for greater clarification of the terminology. Such distinctions can have very big impacts on the results of a research effort. Distinctions between refugees and internally displaced persons, for example, have significant implications with regard to both national and international policy decisions, as these two labels carry with them very different rights and responsibilities. The plight of internally displaced persons is getting greater exposure in recent years thanks to the efforts of groups such as the Internal Displacement Monitoring Centre and the United Nations. 72 If definitions are too broad, then migration could include all possible types of movement, and the explanatory power of details can be lost. If definitions are too narrow, then no data matching that description may exist. Depending on the type of research being conducted, there may or may not be agency to collect new data. In most cases, research in this domain relies upon already published or already accessible data, while in rare cases new data may be gathered as part of the work. In principle, academia is a self-perpetuating wheel, with new research building on that which has come before, driving the field forward until the next breakthrough takes the lead. In this respect there should always be some kind of data available, but these data may not always help address the research question being asked or there may not be enough data available. These types of set-backs need to be considered in the planning stages of research as they can help guide the final form of the research proposal.
Methodological approaches
Perspective is also an important issue to keep in mind. When it comes to data gathering, distinctions between emic (insider) and etic (outsider) standpoints 73 are important and can have great impacts if not managed correctly. 74 This paper explores three ways a research group can obtain data. These have been personified as the engineer, the anthropologist, and the experimenter in an attempt to make these methods of data collection more relatable to a broader audience. These three approaches to data collection are not exhaustive. These three were selected as they can be the most influential to research at the climate change-migration-computation nexus. Briefly, the engineering approach seeks to collect already existing data, compile it together, and then look for relationships and patterns that relate to the research being conducted. This method can be hampered by data availability and an etic perspective, but results are often very informative. The anthropological approach seeks to generate its own data by interacting directly with people experiencing the situation the researchers want to address. This is an emic approach that generates very specific results that are immediately relatable, but are only as strong as the data collected from informants. Lastly, the experimenter method combines both etic and emic factors. The researcher constructs a specific experiment relating to a hypothesis and then collects data from participants who interact directly with both the experiment environment and each other. This approach can provide some very strong results but care must be taken that: (a) the research does not bias the experiment to favor specific outcomes or choices; (b) that engrained biases of the participants are realized and accounted for; and (c) that the collected data are only used within applicable contexts (i.e., data associated with one culture or group are not blindly applied to another that might be unrelated). These three approaches are discussed more deeply below.
The engineer.
The ''see what you can find'' engineering approach canvasses existing databases, records, and publications for any and all information that may be relevant: census data, emigration records, and rainfall data are good examples. This type of data collection is a rather intentional, top-down, etic approach, where the data is somewhat disconnected from the actual world it represents. Values, beliefs, and agency can be reduced to a series of numbers that are often just proxy measures of the actual processes the researcher is truly investigating. This big data approach seeks to find or infer meaningful patterns that hopefully help shed light on the research question, or provide support (or not) for a hypothesis. Occasionally, researchers may be lucky and get access to primary data or even set out to incorporate information from an existing bottom-up approach. For example, Massey and Zenteno 75 use data from the Mexican Migration Project to test assumptions about international migration projections, and work by Walsh et al. 76 utilizes existing longitudinal survey data from their study area in Thailand to help investigate population-environment interactions. It should be appreciated, however, that if undertaking secondary analysis of primary qualitative data, rather than simply using the findings of such a study, additional considerations and modifications may be needed. [77] [78] [79] In this modern era of technology there is an abundance of documentation available, so the potential for finding some relevant information is high, and is only limited by its accessibility or storage medium. The point that needs to be stressed is that the engineering approach is only as good as the data it finds, and sometimes it may come up empty handed. This ''where is the data'' issue is an important spoke in the academic wheel of the previous research domain. We bring up this point because, while this may seem like common sense, it is not always the case. A recent example is the data, results, and publications relating to the EACH-FOR project. This was a massive, multidisciplinary, multi-national effort co-sponsored by the European Commission to ''contribute to the base of knowledge about the links between environmental change and migration.'' 39 At first glance this was exactly the type of on-the-ground, large-scale research that is needed, and it was conducted in such a way that would make it very amenable to computational use. The project ran from 2007-2009, was presented at conferences in the following years, and most publications relating to it were out by 2011. An entire special issue of the journal International Migration was dedicated to it (Volume 49, June 2011). However, the vast majority of this research is now inaccessible. The project website was closed in 2014, and this is where the majority of the publications, supporting documents, and data for the effort were permanently housed. The findings of the EACH-FOR project would have been useful for both projects discussed below in this paper, and had the potential to inform countless future research projects. Because the research is largely inaccessible, this possibility is now rather unlikely.
A large amount of information may be gathered using the engineer's ''see what you can find and let the data speak'' approach. This information may or may not be relevant, and in such cases making decisions about what to keep and what to exclude could potentially bias outcomes. Patterns and correlations can be found in almost any set of data. As such, it is imperative that the right data are investigated in the right way. For example, researchers should avoid falling victim to the Yule-Simpson paradox, 80 where trends present in different data disappear or reverse when those data are investigated in the same analysis. Available data may not be able to be easily aligned, such as data collected over different parameters. For example, timescale may not be easily compared. Also important is what was done with the data after they were collected. Raw data may be useful in some situations, but may also have to be processed, averaged, or weighted to be of any relevance; some data are more amenable to these modifications than others. The so-termed ''dependent variable problem'' discussed in Dupuis and Biesbroek 81 nicely highlights the issues that can arise when comparing climate change policies or data within or between different countries.
The anthropologist.
Sometimes the answer to the data question is simply that the data required do not exist, are impossible to get to, are out of date, or are socially, economically, politically, or otherwise biased. In relation to the focus of this work, in many situations migration may go undocumented. 82 In cases like this, it is better to gather data from its source. The anthropological approach is a primary data gathering approach: start at square one and incorporate data collection and generation into the research design so that everything is built from primary, firsthand information. This second method can have more complications due to time and resources required for fieldwork (financial, manpower, political issues, and transport considerations to name but a few), which can deter some from this approach. The benefits, however, can be far greater in terms of applicability and tangibility. For example, a survey and interview approach was used during a recent study that sought to understand what factors affect whether migration is temporary or permanent. 83 Researchers collected data and opinions from households and individuals on many aspects of their situation, including those that are not well represented in official records, such as differences between migrant groups and indigenous groups, as well as different motivations between men and women, and tensions between groups with different religions. 83 The findings from this research carry far more weight than if generalizations or national averages had been used. In an anthropological approach, researchers can engage firsthand with their study group(s) and allow that group(s) to tell their story from their emic standpoint, which may never have become clear if only etic approaches were utilized. As such, the findings generated should be directly relatable back to that same group or area without the need for alteration or assumption. However, such data can still contain local biases, as informants will be presenting their view or opinion and this may not be reflective of the community, region, or country as a whole. However, such biases can be caught more easily if the research is on the ground and engaged with the community. When using an anthropological approach for climate-induced migration data acquisition, this means contacting people or groups in a study location for information about how they perceive and respond to climate change, migration, natural disaster, and stress. Other demographic information can also be obtained using this approach 33 and this may be more upto-date or relevant than already available official records. 83 
The experimenter.
The third method is that of the experimenter who sets out with a question or an idea. Through a semi-controlled, simulated environment they are able to generate data by observing how participants act and interact with the environment and possibly each other through an experiment. It should be mentioned here that the operative term is experiment, and this should not be misconstrued with the term simulation. These are two different approaches that have their own assumptions, especially about the way in which prior knowledge is synthesized. For a more detailed account of this distinction is it recommended that readers review Winsberg. 84 One of the most well-known and accepted examples of the experimenter approach is the use of role-playing games in data acquisition. Although this is not the only approach that can be used, it is very open to conversion into a virtual computational platform. [85] [86] [87] [88] The experimenter approach combines both etic and emic views. The etic view of the researcher is used to establish the setting, theme, background, and/or parameters, while the emic view of the participants engaging with the setting, parameters, and other design features is what is recorded. However, there is a danger with this approach in that, if the researcher does not fully understand the complexities of the system, or uses approaches inappropriate for addressing their research question, then they may collect the data that they want rather that the data they need. Should this occur, the researcher ends up incorporating their own biases into the research design. A potentially vital data type or resource could be excluded from collection, resulting in detrimental effects to the outcome of the research. Helbing and Balietti show that ''Generally, there is still a serious lack of understanding regarding the connections between the structure, dynamics, and function of complex networks such as techno-socioeconomic-environmental systems.'' 32 Therefore it would not be too surprising if vital pieces were missed. This may be why most studies that implement a role-playing component also include other methods. Robinson et al. 89 point to five approaches that can be used to generate information to inform a model: survey, observation, experiments, companion modeling, and geographic information systems (GIS). The first two approaches fall into the anthropological method, while the second two lean more towards the realm of the experimental approach. The fifth method can stand alone, or be used to support the other four depending on the research design. Case studies, stylized facts, roleplaying games, and laboratory experiments are investigated for their utility in informing agent-based models by Janssen and Ostrom. 85 By combining different data generation approaches a comprehensive understanding can be obtained. For example, a 2005 study combined an agentbased modeling approach with a detailed GIS system and then applied a role-playing game to study the adoption of rapid institutional changes in relation to land use in the mountains of Vietnam. 90 As mentioned above, the roleplaying game approach has the potential to very easily be transferred to a virtual platform that, in turn, could allow for the collection of a large amount of decision data. Researchers have successfully used existing virtual platforms to gather research data, 86, 91, 92 and the use of virtual environments for education is becoming more prominent in recent years. 93, 94 The engineer, the anthropologist, and the experimenter data collection designs can overlap and be found within the same research effort (for example Walsh et al, 76 Yan et al., 95 and the EACH-FOR project). Regardless of collection method, there are complications that need to be considered, and some researchers have addressed these in astounding detail. For example, Poteete and Ostrom 61 address issues around data collection, biases, admitting limitations, and making sure that data are applicable and comparable when coming from different sources. It should be noted that, regardless of the collection design, the researcher must take great care to use collected data only within defensible contexts. Examples include extrapolating the data to cover situations that were not included in the original study, or using the data gathered from one group to represent another. These actions, if necessary, need to be done responsibly and explained thoroughly. The engineer and the experimenter methods outlined above were attempted by research groups at the Oak Ridge National Laboratory (ORNL) in the projects discussed in the next section. What was missing from both approaches was any emic perspective either from actual Bangladeshi households, or actual game designers, and in the end this contributed to the limited success of both projects.
When ideas and capabilities clash: A tale of two projects
In this present era, getting results is seen as crucial. There is an entrenched focus of obtaining answers, getting the right outcome, and meeting the bottom line. However, research is not a simple progression from start to finish, and many obstacles can get in the way throughout the journey. The hours spent late at night by frustrated researchers when methods are not working are never mentioned, and failed or null results are forgotten as soon as the combination that works is found. This is standard publishing practice; however, sometimes the journey can be just as informative as the results. Invisible are those projects that started with the greatest of intentions but for one reason or another fall by the wayside. Admitting disappointments is of great importance and needs to be more openly admitted in academia, and openly accepted by publishing agencies. There is very little published admission of failures, and therefore the possibility exists for others to encounter the same issues as no one is talking openly. Recent publications in Science highlighted exactly this frustration and call for a change in publishing culture. 96, 97 The acknowledgement that a publication bias toward significant or targeted results exists has been known since the late 1950s, when Sterling investigated publishing decisions. 98 This was revisited in 1995 by Sterling and colleagues and the original findings still held true. 99 The fact that the call for a change in publishing culture 97 is still being repeated suggests that the message is not getting through. How can the lessons learned from failed or null efforts give power to inform future ones if no one knows about them?
There can be a number of diverse and often unforeseen factors that contribute to the untimely end of a project. Recent research efforts within the Computational Sciences and Engineering Division at ORNL are pertinent reminders that even the most promising research efforts can lose their way. Below is a critical evaluation of two recent, and related, research projects that were both unable to meet their intended end-goals. In the context of the discussion put forward thus far, it is the hope of the authors that by bringing these situations to light, future research along similar lines will not suffer from the same complications. These lessons are already helping to ensure current projects being conducted by ORNL do not suffer the same fate. Through sharing these lessons more widely we are attempting to break down discussion-limiting barriers and begin an open and reflexive discussion across a wider research audience. This critique will not provide exact details, but will focus on the broader shortcomings of these research efforts, as they have the potential to be repeated in similar investigations.
Island World: A simulation tool in a virtual community for evaluating environmental stressors
The original goal of this project was to ''advance spatiotemporal intelligence with the use of cyberspace virtual communities to derive patterns of behaviors exhibited from the application of singular and multiple stressors.'' 100 Island World was to be an online, small world simulation that allowed researchers to test the impacts of stressors such as natural disasters, military attacks, sea level rise, and limited resources on a virtual community. The overarching premise for this project was not a new one; its roots within the game theory research community are well understood and supported 86, 93, 94, 101 The project's intended approach was to use a simulated ''game'' environment to draw out information that is not (or not easily) obtainable by other means, and then use this information in a constructive way. What was innovative about this project was that the small research group intended to design an online game focused on climate change and migration decision making, and then collect player data on the types of choices they made under different situations and stressors. These data would then be used to inform the decisionmaking framework of a computational model. In effect, the research group would be crowd sourcing to generate information about the migration decision-making process, with the potential to gather information from millions of people all over the world.
The reality of the project was much different. Island World was being developed concurrently with a second project (discussed in Section 5.2) within the same research division. Neither effort was openly aware of what the other was doing when the Island World project started. This demonstrates a known problem in research, and academia more broadly, referred to as ''stove-piping.'' Island World did not get past the initial concept phase for a number of reasons, including logistic and procedural limitations, miscommunications both within the group and with external stakeholders, unanticipated restrictions on the use of human subjects, turnover of team members, and a loss of engagement by the primary researcher. Four of the main lessons that have come out of this research effort are described below in order to highlight specific features that, if improved, may have resulted in a different outcome for this project.
5.1.1
The importance of small details. The concept of Island World was an exciting prospect with very current implications for migration research. However, generally speaking, the game as it was originally described suffered from a severe lack of definitional clarity, interactions between game features were not well explained, and variable relationships appeared very myopic. Through investigation, this was found to be the result of three factors: significant constraints on the length of the original proposal, a failure to substantially involve the researcher who wrote the proposal during the implementation of the research, and research notes being kept in locations and formats that restricted their accessibility at later project stages. All three of these factors are cornerstones of research: a sound proposal, integrated involvement of the research team, and transparent record keeping. There was also no clear indication of what the intended game environment would visibly involve or how players would interact with it. These are all vital research details that were not fulfilled during the research effort. Game-play motivation is a very well understood and documented research area. Achievement, sociality, and immersion are three broad categories of game-play motivations described by Yee, 102 each with its own set of subcomponents that could have guided the development of Island World. However, such details were absent from the materials addressing how players would interact with the game environment. Small yet important details becoming lost between the conception of the research and the close of the research amounted to grave misdirections that could have been avoided had universal and stringent definitional clarity been addressed in the planning stages and enforced throughout the project.
5.1.2
The importance of conceptualizing game play. The research concept of using a virtual world to run an experiment that would not be remotely possible in the real world, was a very insightful move by the research team. Being able to simulate conditions in a controlled manner and record responses of players on such a large scale would have made for a very robust and powerful study. In some places, however, the research seems to have rushed ahead without adequate investigation of the problem. The summary statement of Island World reads as follows: ''After initially joining the game, players will be able to create an online persona, acquire assets and participate in the government of their home island. Game play could run indefinitely though researchers may have chosen a time period such as 6-12 months.'' There is a lack of conceptualization here and no assessable records, written or verbal, were found by the authors to shed light on how this vision of game play would have been achieved. How does a potential player find out about Island World? How would it be marketed and who would the target audience be? How much of the research aspect of the game are players going to be aware of, and how may this in turn affect how they play the game? Are players presented with a summary of the research before beginning, or is the design more in line with deception studies where such a summary is not provided until the end? 103 This collection of issues should be very prominent in the early design phase of any research effort that is thinking of utilizing human participants. These issues should be incorporated into the development of the research, not thought of as something separate to ''get to later.'' Ethical considerations, especially regarding the use of human subjects, is one area that was very detrimental to the Island World effort. Conceptualizing game play is very tightly related to utilizing human participants. As such, discussions about this form of human subjects research needed to be discussed at an early research stage and agreed upon by all stakeholders. This is an important consideration for any research effort, but especially those that involve multiple parties as each group or organization involved may have different restrictions or guidelines when it comes to the use of human subjects. Finding common ground on what is allowable and not allowable in such situations is challenging and time-consuming, but if not done correctly can lead to the termination of the research.
5.1.3
The importance of accountability between real and virtual worlds. Section 3.2 stated that researchers have a responsibility to their participants. When planning a game that could impact decisions in the real world, it appears beneficial, then, to maintain some aspects of reality within the virtual environment, thus building accountability into the game through its utilization of real-world elements. There are several places in the development of Island World where the potential existed for successful utilization of existing resources. Factors such as birth rates, occupation, government type, mobility options, income, and lifechoice options are all mentioned in the limited research notes and proposal information that is available, but regrettably the development potentials of these factors were never adequately realized. For example, the game intended to mimic ''birth rate'' by using the rate at which new players start the game, but no attempt was made to integrate this ''birth rate'' with any real-world situation or country representation. Different modes of governance are mentioned in the initial project notes. It is widely understood that the prevailing political system can be a major factor in migration decision making. 104 As such, this variable would have been more beneficial to researchers if it had mirrored a real-world situation, in a controlled manner, to better reflect a more realistic or relatable possibility. Such an outcome would have been greatly informative at the later stages of analysis had the data been successfully used for computational modeling. Instead, this informative opportunity was missed and acts as a reminder for all research efforts that one should consider utilizing existing data (where possible and where it fits the study's purpose) rather than building another data set from scratch. The relationship between the player's identity and the identity of their constructed digital representation is important; however it was not at all accounted for in the available material for this project. Is the player controlling an avatar (an in-game representation of themselves ''expressing the identities of their human owners'' 101 ), or a character (an idealized version of self, role-playing an alternative persona ''that keeps a psychological distance by considering them as not selves''
101
). It is not the player in the real world from whom the researcher is gathering data. It is the life and decisions of their in-game representation. Thus, it is vitally important that the relationship between the real and virtual worlds is properly addressed with consideration for the players themselves and how the relationship between the player and their character is going to be constructed.
Lastly, but in many respects most importantly, the importance of not losing focus. We commend the original researchers for putting pen to paper and, under pressure, constructing an exciting project. The research ideas are as important now as they were at the creation of the project. Time, however, is one area that worked against this project. At the time of the original proposal the principal investigators had not talked with each other enough to focus the shape of the research effort and determine its trajectory. Communicating over distance and the availability of investigators were also contributing factors. If more time had been available in the pre-proposal stage to cement details across the project and across team members, perhaps the research would not have so quickly deviated. Without this grounding, as time passed the goals of the research team departed from the original expectations and this departure was further aggravated by a turnover of team members. The lack of consistency exacerbated the loss of focus of the project. In situations where members do not engage in communication with one another it is easy for members to bring their own interpretation of the research goals into focus, while other members are not consulted at all, or have their voices ignored. Communication is not a one-way process; it requires active engagement, accountability, and perseverance. In these situations, new team members will be relying on others, as well as research records, to bring them up to speed with the project they are joining. While losing or gaining team members during a project is not always the ideal situation, this process can be made smoother through record sharing, clear discussions, and asking questions. These types of interruptions can take time. Research efforts may be very focused on meeting deadlines, but it is the feeling of the authors that it is even more important to take time to ensure everyone involved in an effort is operating under the same goals.
The migration decision-making framework model: Migration decision making as a response to climatic change scenarios in Bangladesh
The original title for this research was ''Modeling longterm population resettlement under climate change scenarios.'' After some refining, the main goal of this project was to construct a computational model to investigate the local and global impacts of large-scale, climate-induced migration events along with trying to understand the pushpull factors driving them. It sought to ''reach beyond the bounds of rational choice to arrive at a psychologically plausible framework for migration decision making under specific climate change scenarios in Bangladesh.'' 105 The modeling framework constructed was a hybrid, implementing a reactive adaptation to climate change (RACC) model (adapted from Kniveton et al. 106 and Smith et al. 107 to evaluate push-pull factors and set the trigger for outmigration), coupled with a multi-attribute decision field theory (MDFT) sequential sampling model (adapted from Roe et al. 108 to evaluate and forecast the individual migration choice destination 105 ). The final result was a migration decision-making framework (MDMF) model. Despite the best of intentions, the model did not progress past the prototype stage of development, and the project as a whole was subject to many setbacks. The reasons for this have been investigated critically, and the main lessons are summarized below in the hope that future research can steer clear, or at the very least see them coming before it is too late.
5.2.1
The importance of a good foundation. As mentioned previously any research project needs a solid foundation to build upon. Part of this foundation comes from the literature review process. In the case of this project, it is clear that the initial literature review and search conducted was limited in its inclusiveness, missed fundamental sources, including some that are vitally important to the model and approach, [107] [108] [109] and missed major past efforts (such as the EACH-FOR project). The review conducted may also have been biased towards a maximalist perspective. The literature review stage of any research effort is vital; it helps to provide background knowledge, highlight existing strengths and weaknesses of a subject area, and builds the foundation from which new insights can be explored. The literature cited and compiled by the review phase of this project was insufficient. For example, it only overlapped with 3.5% of the 372 sources included in International Organization for Migration's compilation People on the move in a changing climate: A bibliography. 110 The disconnect between the reviewed literature and the greater pool of knowledge, as well as between the literature and the MDMF model, resulted in disengaged fragments of the debate around climate-induced migration being captured by the researchers. This fragmented foundation, missing essential conceptual aspects, was a major contributor to the eventual failure of the project. One way to address the concern raised here would be to ensure that any literature review phase encompasses a broad range of subject areas, not just areas with which team members are familiar.
Stepping outside of strictly delineated subject boundaries and diving into unfamiliar academic territory can provide a great deal of knowledge that is indeed relevant and relatable. Inviting assessment of gathered literature from someone outside of the academic fields of the team members would also be a way to identify possible shortcomings.
The importance of definitions.
The project adopted the International Organization for Migration (IOM) definition of an environmental migrant. The working definition of environmental migrancy proposed by the IOM 112 is as follows: ''Environmental migrants are persons or groups of persons who, for compelling reasons of sudden or progressive changes in the environment that adversely affect their lives or living conditions, are obliged to leave their habitual homes, or chose to do so, either temporarily or permanently, and who move either within their country or abroad.'' 111 The application of this definition is still a contentious issue. The definition is very broad and inclusive, and does not make a number of distinctions, including permanent or temporary migration, intra-state or out-migration, sudden onset, or progressive environmental change. Further discussion of these binary features can be found in Piguet et al. 70 Similarly to the importance of details stated in Section 5.1, broad definitions can lead to poor downstream outcomes due to the lack of detail made available. Future development of the model could benefit from using a more detailed approach to definitions similar to that presented by Bates 30 or Renaud et al. 112 These approaches allow for distinctions to be made between different migrant motivations, especially between displacement and migration. Bates undertakes a detailed discussion around the significance of accurate classification of terms such as environmental refugee, environmental migrant, and migrant. Please refer to the supplementary material for further detail of these terms. Bates also distinguishes ways in which environmental refugees have been categorized across texts. We encourage readers to digest the summary table she provides in Figure 2 of her paper. 30 Three distinctions made by Renaud et al. 112 are: (a) the environmental emergency migrant; (b) the environmentally forced migrant; and (c) the environmentally motivated migrant. The type of migrant classification implemented by Renaud et al. is tied to different types of environmental events. These relationships are detailed in Figure 1 of Renaud et al., 112 and readers are also encouraged to engage with this work. Adding clarity around the complexity and definitional ambiguity of the environmental migrant concept is applicable when conceptualizing computational models in the future.
5.2.3
The importance of variables. Any computational model is only going to be as robust as the data provided to it. When investigating the MDMF model it was found that the variables both used, and excluded from, the decisionmaking process were not well supported, and the selection of social, demographic, and economic factors were not robustly explained. The variables included in the MDMF were found to be a subset of those selected for the RACC developed by Smith et al. 107 Considerations about how immigration policies and incentives could impact upon migrant decision making were totally absent from the model. The ability of the model to answer key questions like who is adapting, adapting to what, and how they are adapting 21 was also ambiguous. Finally, when it came to depicting climate change, the model was found to be suffering from chronic oversimplification due to the selection of variables used. The original project brief stated that the goal was to model migration in relationship to climate change effects, but in practice the model focused only on migratory outcomes of an extreme weather event or series of events. Realizing this shortcoming, the authors see two ways forward for the MDMF model: (a) reinvent it as an environmental hazards model; or (b) undergo further and extensive development to build up parameters that better reflect climate change holistically, including slow-onset effects such as saltwater intrusion. One of the most challenging aspects of trying to model the future is that we cannot collect data from it. This results in researchers having to model future climate change scenarios on data generated from present day society. Due to the immediate nature of changes in Bangladesh it is highly likely that conditions are going to change over the coming years and decades. Changes in areas such as socio-economic growth, politics, and population growth will need to be taken into consideration to inform any prediction about the future situation and any possible migration activity. The same is true for any other research model. Possible future changes to status quo variables should be incorporated into model design and functionality. Future work in this area could explore the use of human-environment couplings. This approach is taken by the United Nations' Inter-Agency Standing Committee. 113, 114 5.2.4 The importance of perspective. At times it is necessary to assign weighted values to the variables used in a model. This in and of itself is not detrimental, as it means the importance of a single variable is not lost in statistical noise. In the MDMF model, the influence between push and pull factors, or variables, were the assigned weights. However, in this case, the protocol for assigning weights did result in detrimental outcomes for the model overall. The system implemented was found to be determined by a top-down, etic, engineer-style approach that did not use any primary human subject data from actual Bangladesh households. As a result, the authors raise serious questions about the accuracy and the objectivity of the results, as the researchers involved had no actual ''on the ground'' understanding of what a Bangladeshi household values as important. This highlights the critical importance of including stakeholders in the research discussion who are actively involved in the area or phenomena under investigation. This type of involvement can be mutually beneficial to both informants and researchers, but this opportunity was missed during the MDMF project. Another area where perspective was hindered in this project was the destination decisions made by the model. While this aspect is not trivial from a computational standpoint, this was a crucial part of the project: Where are the migrants going? The destination country choices implemented in the MDMF model were found to be non-representative of the world in practice. Therefore, it is puzzling to the authors as to why more effort was not put into ensuring that the data used for these calculations was representative, and that the resulting outcomes could be related to the real world. This oversight demonstrates the difficulties in creating representative scenarios that accurately balance the perspectives of the research effort with those of other stakeholder groups involved.
Overall, this project suffered from a lack of relevant and applicable information gathering in the background stages. This later impacted not only the scope of the research focus, the accuracy of the framework, and the decisions made by the model, but also impeded the model's overall ability to successfully address the original research goal with any confidence. Although the research set out with good intentions, it was discovered in time that the types of data required for the framework were simply not available or were not found by the team at the time. This was possibly due to the fact that the research lacked a robust literature review. Although not successful, a quantitative model was created, and there is significant exploratory value in continuing to construct and conceptualize the framework. It is hoped that this endeavor will be a springboard for further innovation and improvements within the scholarship of climate-induced migration research. The lessons learned from examining the trajectory of this project, and the project examined in Section 5.1, are important and highly beneficial to future efforts so that repetition of these errors and oversights can be avoided. Not elaborated on in this section are the various specific computational issues that were also encountered during both projects. This is deliberate in order to focus the reader onto the broader issues because, if these are addressed correctly, such as having the right types of data, computational inconsistencies are less likely to severely hamper the project.
Conclusions
The crossroads of climate change and migration research is currently a matrix of ideas, approaches, and goals. There is currently no clear-cut, cure-all solution or design that can be followed in order to obtain the most informative outcomes. Nor is it likely that one will be found. Instead, the research area has modern computational tools to explore the problem space in order to better inform the people who can then make a difference. Despite repeated calls for larger, broader, more all-encompassing projects, there are very few studies that have taken up this challenge. After reading this paper it is hoped that stakeholders, at all levels, have a comprehensive understanding of why this is the case. This type of work is not simple. Even research teams from prominent institutions have had difficulties bringing this work together. Finding the perfect balance between what is possible, realistic, and achievable, with current technology, mind sets, and research designs, demands very careful consideration at every step. Research teams must also try to consider ways to think outside of expectations, go beyond current approaches, and embrace a plurality of possibilities by asking questions. We are not going to solve tomorrow's problems with yesterday's attitudes. Efforts only have a chance at success if the actual purpose of the model is the focal point throughout the lifetime of the research process, and the methodologies implemented enable and complement this purpose. The purpose must be known and welldefined by every person involved in a research team, no matter what type of stakeholder they are, from the very beginning. Identifying an area or purpose is not always straightforward as different research questions will have a different focus, different data requirements, different modeling requirements, and different implications. It is vital that quality controls are not only put in place, but are also adhered to throughout the research process to ensure that there is no deviation from actions that relate to the purpose. If there is deviation, then such tangents can be caught early enough that the project should not suffer as a result.
Computational approaches in the social sciences have a long road ahead of them, especially when attempting to accurately model climate-induced migration. Section 1 presented the types of big picture questions that can be addressed with the guidance of computational methods. The questions and considerations presented in Section 2 frame the research effort. In order for this type of research to be successful all members involved need to be aware of these questions, be able to ask them with confidence, and understand the level of uncertainty present in the project output. While a good foundation of small-scale studies in this area is present, investigations are needed on a larger, broader, and more encompassing level. The inputs required for such work were explored in Section 3, as were different approaches used to gather and generate them. There is no single formula or recipe for gathering good data, but the data selected must be suitable for the research being attempted. This may mean that different types of data, collected in a number of different ways, are required for a project to be successful. Hopefully, through these sections readers have become increasingly aware that the only successful way forward for this type of research is to take a multidisciplinary approach. The final section presents, at an overview level, two recent and high-potential projects that both fell victim to poor research practice. The ambition to provide new insights to this vital, current, and exciting topic clouded both research efforts, and the way forward was lost through an accumulation of small but critical errors, which had detrimental consequences.
What has been learned from the experience of compiling this paper is the value and importance of communication. Not only is this applicable between all members of a research team but also between teams in similar areas and, by extension, with the individuals, households, communities, and countries being studied. Individuals at any organizational level within the research scope, regardless of what type of stakeholder position they occupy in a research effort, need to communicate clearly and effectively with all other parties involved. The Island World project mentioned in Section 5.1 is currently being reevaluated and a new conceptualization of the game is expected within the coming year. The Bangladesh project (Section 5.2) may be revisited in the future, but this will not occur until the problem space surrounding the entire issue is better understood and the necessary data becomes available. This paper aims to take one step toward providing that better understanding, but it is only a first step. Knowing how to ask questions and not being afraid to do so, is vitally important regardless of position within a research team. Data collectors/finders must ask: Where are the data coming from? Why am I not able to find what I want? Computational modelers must feel comfortable asking: What is the end product going to be? Does this effectively address the goal of the project? End users must not be afraid to question things they do not understand, and to ask: How do these findings influence the bigger picture? What downstream impacts do I need to be considering? As presented in this article, even well-meaning, potentially very influential research projects, can come up short. This type of integrated research is not easy, but it can be done. This is a very current, exciting, and impactful research area. We have no doubt that in time the challenges presented in this paper will be overcome. Open interaction and engagement, at every possible level of involvement, is vital to success. This is a shift in research process and a change that needs to happen now.
